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Abstract  1 
The idea of a unifying theory of biodiversity linking the diverse array of macroecological 2 
patterns into a common theoretical framework is very appealing. We explore this idea to 3 
examine currently proposed unified theories of biodiversity (UTBs) and their predictions. 4 
Synthesising the literature on the macroecological patterns of mammals, we critically 5 
evaluate the evidence to support these theories. We find general qualitative support for 6 
the UTBs’ predictions within mammals, but rigorous testing is hampered by the types of 7 
data typically collected in studies of mammals. In particular, abundance is rarely 8 
estimated for entire mammalian communities or of individual species in multiple 9 
locations, reflecting the logistical challenges of studying wild mammal populations. By 10 
contrast, there are numerous macroecological patterns (especially allometric scaling 11 
relationships) that are extremely well characterised for mammals, but which fall outside 12 
the scope of current UTBs. We consider how these theories might be extended to explain 13 
mammalian biodiversity patterns more generally. Specifically, we suggest that UTBs 14 
need to incorporate the dimensions of geographic space, species’ traits and time to 15 
reconcile theory with pattern.  16 
17 
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Introduction 1 
Complexity is often broken down into conceptually manageable chunks. In science, 2 
researchers often tackle the complexity of the world around them by breaking broad 3 
subject areas into a plethora of sub-disciplines. For example, within biology, ecology 4 
traditionally considers how interactions between organisms affect biological processes to 5 
determine the distribution and abundance of populations or species within a defined, but 6 
usually relatively restricted, area and time period. More recently, ecologists have realised 7 
that ecological systems are also profoundly affected by processes occurring at much 8 
larger spatial and temporal scales. This has led to the development of the field of 9 
macroecology, concerned with understanding the abundance and distribution of species at 10 
larger spatial and temporal scales [1-2].  11 
 12 
Macroecology has invigorated the field of ecology by stimulating research into the 13 
processes underlying a range of large-scale biodiversity patterns. Examples include 14 
understanding the frequency distributions of abundance or geographic range size, their 15 
interaction, and variation of both distribution and abundance with space, time, and life 16 
history (see this volume [3-6]). However, while scientists divide and sub-divide nature to 17 
aid their understanding of it, these divisions are nevertheless artificial dissections of an 18 
underlying whole. It is possible that the diverse range of macroecological patterns 19 
actually observed is generated by only a few common underlying mechanisms. The lack 20 
of unified theories has long been a shortcoming of ecology [7] and excitingly, the last 21 
decade has seen the publication of at least six unifying hypotheses, Unified Theories of 22 
Biodiversity (UTBs) (Table 1) [8-13]. These theories attempt to explain how a range of 23 
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different macroecological patterns may be generated from the same underlying processes. 1 
More recently, it has been suggested that these unified theories may themselves be 2 
unified by a set of underlying processes [14].  3 
 4 
The six UTBs are mainly concerned with the broad topics of area, abundance and species 5 
richness, i.e., the way individuals are distributed in space and among species. McGill [14] 6 
defines a unified theory as one that generates at least two distinct macroecological 7 
patterns, such as the species–area relationship (SAR) [15-16] and the species abundance 8 
distribution (SAD) [17]. One can argue about the extent to which these patterns are 9 
separate and unconnected, or indeed about the minimum number of patterns a theory 10 
must explain to qualify as ‘unified’. Nevertheless, McGill’s [14] assessment of what 11 
constitutes a unified theory in this context is reasonable and convenient. The six UTBs 12 
are all based on general principles and constraints that should apply to most taxa in most 13 
environments [18]. They differ in the set of macroecological patterns predicted (Table 1), 14 
the precise form of these patterns, the underlying processes hypothesised to explain the 15 
patterns, and the mathematical context of the theory [14].  16 
 17 
In this paper, we first review patterns covered by the UTBs, and the supporting evidence 18 
(or otherwise) from mammals for the first time (although see [19] for a plant example). 19 
Second, we consider what other biodiversity patterns are known for mammals but are not 20 
predicted by UTBs, and consider how UTBs could be extended to cover them. Finally, 21 
we conclude with suggestions for future research directions on the basis of the current 22 
match (or mismatch) between biodiversity pattern and theory.  23 
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 1 
UTBs and Mammals: reconciling pattern with theory  2 
How well do these UTBs explain the macroecological patterns in mammals? Here we 3 
review the support for the different predictions of the UTBs in turn (Table 2) and discuss 4 
if it is even possible to distinguish between competing UTB explanations for mammalian 5 
patterns.  6 
 7 
Species-Area Relationship - SAR. There is an extensive literature on the relationship 8 
between the size of an area and how many species it contains (the species-area 9 
relationship, or SAR), which has been reviewed many times before [20-23]. To 10 
summarize, the SAR is a positive power function (linear on log-log axes), with an 11 
intercept that varies with overall taxon richness. Exponent values generally fall 12 
somewhere in the range 0.1 – 0.6. These exponent values vary systematically depending 13 
on spatial scale (higher at the smallest and largest scales, lower at intermediate scales), 14 
are generally found to be higher on islands than for equivalent areas on continents, are 15 
lower for nested subsets of habitats than for discrete patches, and vary with amount of 16 
environmental energy available. Mammal SARs have exponents in the typical range, but 17 
tend to have low intercepts, because it is not an especially species rich taxon. For 18 
example, exponents range from 0.235 for islands in the Sunda Shelf [24], 0.246 for 19 
islands in the Bass Strait [25], 0.429 for mountaintop habitat islands in the Great Basin of 20 
North American [26], 0.35 for countries worldwide using mammals globally, 0.55 for 21 
island nations, and 0.30 for continental nations [27]. Similar results are found in across 22 
mammals globally using different spatial clustering methods (e.g., hierarchically 23 
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clustered biotic regions), with slope values reported between 0.24 and 0.47 for 4650 1 
terrestrial mammal species [4].  2 
 3 
The SAR is such a fundamental macroecological pattern that any UTB would be quickly 4 
discarded if it failed to predict the form of the relationship in exemplar datasets. It is no 5 
surprise that the match to real SARs is uniformly high for the UTB models (Table 1, 2). 6 
The wider generality of the models is harder to assess, however, because most of the 7 
UTBs require data to produce their predictions that are not typically available with SARs. 8 
For example, the slope of the SAR predicted by the Metapopulation UTB is a function of 9 
the variance in species abundances and the ratio of colonization to extinction probabilities 10 
[10]. Similarly, the MaxEnt UTB requires that the number of individuals be known to 11 
predict the SAR [28]. Whether they could accurately predict the range of mammalian 12 
SARs found is thus unclear. Indeed, it is doubtful that there are any mammalian data sets 13 
of sufficient quality to allow comparative tests of the ability of the various UTBs to 14 
predict SARs.   15 
 16 
Endemics-Area Relationship - EAR. A related macroecological pattern to the SAR is the 17 
relationship between the number of endemic species and area (endemics-area 18 
relationship, or EAR). Endemics species are often species of conservation concern, 19 
because by definition they occupy only a smaller part of a larger area. Areas rich in 20 
endemic species are of interest both to conservationists and to biologists examining 21 
diversification processes [29]. The EAR would therefore seem likely to be of significant 22 
interest to macroecologists but in fact, rather little attention has been paid to it (reviewed 23 
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in [29]). The notable exception is work by John Harte and colleagues (e.g., [28-31]) in the 1 
context of their development of the Fractal and the MaxEnt UTBs. For example, Harte 2 
and Kinzig [30] showed that the number of plant species endemic to each of the 3 
contiguous 48 states of the US increased with area with a slope of 3.7 on a log-log plot 4 
versus 0.13 for the SAR for these states (see also [31]). There are very few EAR analyses 5 
of mammals. One of these, Ceballos and Brown [27], calculated a range of EARs for all 6 
terrestrial mammals using countries as the unit of analysis. The slopes of these 7 
relationships lie in the range 0.13 to 0.67, relative to equivalent SARs in the range 0.12 to 8 
0.55. Kisel et al.[4] using different spatial clusters find similar values for all mammals 9 
(0.14 to 0.34) but with reduced slopes compared to total and non-endemic species 10 
richness equivalent SARs in their study. They also found the variation in EAR slope 11 
values to depend on habitat diversity and the amount of available environmental energy 12 
[4].   13 
 14 
Both the Fractal and Maxent UTBs produce explicit predictions for the form of EARs. 15 
Under the Fractal model as formulated by Harte & Kinzig [30] and Harte [31], the 16 
number of endemics in an area is a power function of the area, with the exponent equal to 17 
 18 
      Equation 1 19 
 20 
where z is the exponent of the associated species-area relationship. Under the Maxent 21 
UTB, the number of endemics in an area is the product of the total species richness of the 22 
area, the probability that a species has abundance n0 and the probability that all of these 23 
–ln(1-2-z) 
ln2
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individuals fall in an area of size A (a subset of A0) [28]. Both UTBs produce predictions 1 
in broad accordance with empirical EARs as tested by the original authors [28-30-31], 2 
but to date no study has compared the relative performance of the models on the same 3 
data. Applying Equation 1 to the z values in Ceballos and Brown [27] produces 4 
predictions at substantial variance with their own EAR exponents. Green and Ostling [29] 5 
suggest that the form of the EAR will depend on the evenness of the regional species 6 
abundance distribution, and the degree of intraspecific clustering. The EAR is clearly a 7 
relationship that is ripe for more extensive exploration and testing against theory. 8 
 9 
Occupancy Area Relationship – OAR (or Scale-Area curves). This describes how 10 
species’ probability of occurrence increases with the spatial scale, and is based on the 11 
observation that species distributions tend to be self-similar, or fractal-like in nature [32]. 12 
Specific forms of this relationship are predicted by the Fractal and MaxEnt UTBs. 13 
Testing this pattern either requires that the location of each individual is known, or the 14 
distribution is mapped at a scale of a few kilometres. The former is difficult for mobile 15 
animals (i.e., mammals) and the latter is possible for only a few well-studied species with 16 
narrow distributions. The scale-area curve is qualitatively similar to another 17 
macroecological pattern, the individual-area relationship (IAR), which describes how 18 
abundance increases with area. 19 
 20 
Species Abundance Distribution - SAD. The species abundance distribution (SAD) is a 21 
description of how many individuals of each species are present in a community. These 22 
are among the most common types of data collected in ecology. A universal feature of all 23 
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SADs is that abundance is distributed extremely unevenly among species. For example, 1 
most communities have a lot of individuals belonging to a few common species and a few 2 
individuals of many rare species, leading to the characteristic ‘hollow curve distribution’ 3 
when plotted as a histogram. SADs are approximated quite well by a log-normal 4 
distribution, although numerous statistical and mechanistic descriptions have been 5 
proposed (reviewed in [17]). Hollow-curve SADs are also evident when measured using 6 
global or regional population sizes (Global SAD) as well as within local communities 7 
(Local SAD).  8 
 9 
Four of the six UTBs predict some form of local SAD (e.g., logseries or lognormal). The 10 
most explicit predictions derive from the Neutral UTB, in which the hollow curve SAD 11 
arises from the assertion that per-capita birth and death rates are constant across species. 12 
The form of the SAD under the Neutral UTB is defined by a specific distribution known 13 
as the ‘zero-sum multinomial’, which has three parameters [9]. Neutral, MaxEnt and 14 
Fractal UTBs all produce Global SADs as the sum Local SADs across patches. The 15 
Continuum UTB generates a Local SAD but takes the Global SAD as an input (in 16 
common with the Metapopulation and Poisson cluster UTBs, which do not predict a 17 
Local SAD). Are SADs present in mammalian communities? Unfortunately, mammalian 18 
SADs are rarely reported, probably because of the scale differences at which large and 19 
small-bodied mammals are studied, and the relatively low species richness of most 20 
mammalian communities. Amongst others, examples have been presented for Neotropical 21 
bats [33] and desert rodents [11], showing a typical hollow curve distribution at the local 22 
community level. At the global scale, both population density and total population size 23 
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show characteristic hollow-curves (Figure 1) that superficially resemble a lognormal 1 
distribution. However, we suspect that compendium data across many communities such 2 
as those presented in Figure 1 (data from [34]) are unsuitable for distinguishing 3 
rigorously between the various forms of the SAD predicted by the UTBs. 4 
 5 
Occupancy Abundance Relationship – ONR. The tendency for widespread species to be 6 
more abundant (Occupancy Abundance Relationship) is a common feature of ecological 7 
communities [1-21-35-36]. However, there are exceptions to this pattern [37]. In 8 
mammals, existing studies find a positive relationship between species population density 9 
and occupancy at a local scale (e.g., [36-38]). However, this pattern does not appear to 10 
hold for any mammalian order (that we have data for) at the global scale (Figure 2). In 11 
fact, the opposite pattern seems to hold: there are many species that either have extremely 12 
small distributions but occur at high densities, or the opposite combination. This may be 13 
explained by the non-random distribution of species geographic ranges: many mammal 14 
species have distributions that are parapatric with congeners. However, abundance-size 15 
relationships in other taxa have been shown to become progressively weaker as the scale 16 
increases over which range size is measured: indeed Cowley et al. [39] reported a 17 
significant negative relationship between mean abundance of UK butterfly species and 18 
the size of their global distributions. Three UTBs (Continuum, Metapopulation and 19 
MaxEnt) can derive the positive correlation between abundance and occupancy (or 20 
abundance and range size in the case of the Continuum UTB) [14]. McGill [14] even 21 
suggests that the other three UTBs could be extended to predict this relationship as well. 22 
UTB predictions are only qualitative so it is difficult to test quantitatively with 23 
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mammalian patterns. It is also unclear if there is a distinction between local and global 1 
abundance occupancy relationships in the UTBs’ predictions, but the abundance 2 
occupancy relationship in mammals is present at both scales (Figure 2). 3 
 4 
Similarity Distance Relationship (SDR) (or Decay of similarity). Decay of similarity of 5 
communities with distance (i.e., beta diversity – the change in species composition 6 
between places) is predicted by at least three UTBs (Table 1). Decay of similarity with 7 
distance is a simple consequence of spatial autocorrelation in the abundance of individual 8 
species, combined with the assertion (common to all UTBs) that species are distributed 9 
randomly with respect to one another. There is some evidence that the similarity of 10 
mammalian communities declines with distance. For example, Cardillo [6] found that the 11 
degree of similarity weakly declines with the size of ecoregion area in an analysis of the 12 
phylogenetic community structure of carnivores. However, this study considered only 13 
turnover of species composition, not changes in relative species abundance. 14 
   15 
Underlying Assumptions of all UTBs. McGill [14] argues that all the UTBs can be 16 
viewed as an attempt to explain the distribution of a set of objects (e.g., individuals or 17 
ranges of different species) placed randomly in space. In fact, he suggests that all six 18 
theories use the same three assertions to explain this stochastic geometry of biodiversity 19 
and can be unified. These are: (1) individuals are spatially clumped within a species; (2) 20 
abundance between species at a regional and/or global scale varies drastically and is 21 
roughly a hollow curve in distribution; and (3) individuals between species can be treated 22 
as independent and placed without regard to others [14]. Although the first two of the 23 
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assumptions seem reasonable given the documented patterns, the third assumption is 1 
more questionable. McGill [14] argues that independence among species distributions is 2 
approximated accurately (in a statistical sense), because most species interact directly 3 
with only a few others (e.g., through competition or predation). At a global scale, it is 4 
clear that evolutionary biogeography places strong constraints on regional abundance and 5 
species richness [40-41], but it is not clear whether this kind of non-independence 6 
translates into statistical independence assumed by McGill [14].  7 
 8 
Other Mammalian Biodiversity Patterns 9 
We consider mammalian global biodiversity patterns in the context of three axes: space 10 
(i.e., geographic patterns), species’ traits (including body size and life history strategies), 11 
and time (e.g., diversification rates, evolutionary history). These axes overlap 12 
considerably and are not meant to be exhaustive; however these are a useful framework 13 
for our discussion. As we shall see, at least one of the biodiversity patterns we consider 14 
are predicted by one of the six UTBs, raising the possibility that additional constraints or 15 
assumptions could extend the existing UTBs to encompass a far wider range of 16 
phenomena. 17 
 18 
Geographical patterns in biodiversity. The UTBs deal with space in a variety of ways, 19 
but most are in some way spatially explicit. However, this spatial component is abstract, 20 
and none of the UTBs are capable of reproducing the macroecological patterns that show 21 
systematic variation in space. With the construction of global datasets on the distributions 22 
of mammals (e.g., [42]), there is a growing body of literature on these geographical 23 
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patterns of mammalian biodiversity (e.g, [3-27-43-45]). It is evident that mammalian 1 
species richness is not randomly distributed across the planet [42-44-46]. While it is 2 
certainly true that the areas with highest mammal species richness are tropical (the classic 3 
‘latitudinal gradient’), the relationship between species richness and latitude is more 4 
complex than a simple decline [3-47]. Thus, mammals are particularly species rich in the 5 
Eastern Arc Mountains and tropical Rift Valley of Africa, and in the tropical Andes. A 6 
single 100 x 100 km area in the Eastern Arc Mountains can house twice as many species 7 
as an identical area at the same latitude just a few 100 km to the west in the Congo basin 8 
[42-44-48]. Other species-rich areas for mammals include northern South America, 9 
Central America, the African savannah zones, and the islands and mainland of tropical 10 
South-East Asia.  11 
 12 
Non-random patterns of species richness are also found across altitudes as well as 13 
latitudes. In general, higher elevations are home to fewer species than lower elevations, 14 
but the overall relationship between elevation and species richness varies depending on 15 
the taxon and location [49]. Non-volant small mammals almost always show a unimodal 16 
relationship, with highest richness at intermediate elevations, whereas bats show a 17 
roughly even split between unimodal and negative relationships between elevation and 18 
species richness [50-51].  19 
 20 
Global patterns in functional and phylogenetic richness and beta-diversity also show non-21 
random spatial distributions [5-44-45]. Although high surrogacy has been found between 22 
species, functional and phylogenetic richness in mammals, evidence suggests that 23 
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patterns in relative functional and phylogenetic richness are distinct from the general 1 
species richness patterns [5]. Specifically, Safi et al. [5] find that areas that are 2 
characterised by higher variance in temperatures contained higher relative phylogenetic 3 
diversity, whereas tropical areas were characterised by a lower relative functional 4 
diversity. Beta-diversity, the change in species composition between places, is also non-5 
random in mammals but with striking contrasting patterns to that of species richness [45]. 6 
For example, high beta-diversity measured across North and South American continents 7 
is found across a wide range of latitudes; and tends to be higher at high altitudes and at 8 
biome edges [45].  9 
 10 
The spatial pattern in the sizes of geographic ranges is another long-standing 11 
macroecological pattern, the classic Rapoport’s rule [52] (reviewed in [53]). Rapoport’s 12 
rule suggests that there is a tendency for the geographic ranges of species to increase with 13 
latitude and this has been the focus of many studies in mammals (e.g., [54-55]). There is 14 
evidence that Rapoport’s rule is applicable to mammals, as patterns within terrestrial 15 
species suggest that those with the smallest ranges are mostly restricted to the tropics, and 16 
species with largest ranges are found across high latitudes [43-56]. Using the new 17 
mammalian data sets, Davies et al. [3] confirm a Rapoport-like pattern for terrestrial 18 
mammals (and most of the separate species-rich orders), where latitudinal range extents 19 
are greatest at mid- to high latitudes and narrower at more equatorial latitudes (with the 20 
effect more pronounced at higher latitudes).  21 
 22 
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Geographical patterns in life-history traits are poorly reported in mammals (although 1 
there are studies within birds [57]), probably because global mammal trait data sets have 2 
only recently been widely available [34-58]. However, spatial patterns in body size have 3 
been the focus of many mammalian studies, where analyses have tested the classic 4 
‘Bergmann’s rule’ [59]. Bergmann’s rule suggests that within endothermic species, larger 5 
species tend to be found in cooler environments. This pattern has found broad support 6 
within mammals, although the relationship varies among taxa and location (e.g., [60-65]). 7 
This pattern may also be confounded with the spatial pattern in range size, as larger 8 
bodied mammals also have large ranges [66]. 9 
 10 
Explanations for these non-random spatial patterns in biodiversity are extremely 11 
numerous and yet still not definitive.  The focus of much attention has been on explaining 12 
the latitudinal gradient in species richness and commonly features in the top unanswered 13 
questions in science (reviewed in [67]). Species richness typically correlates strongly 14 
with measures of environmental productivity or temperature [68]. However, the precise 15 
mechanism underlying these correlations, linking resource availability to species number, 16 
remains elusive. There is an increasing recognition that current and historic 17 
biogeography, past diversification patterns and life-history traits, as well as the 18 
environment, may play interacting roles in determining species richness [3-4-41-46-69-19 
71] as well as spatial variation in geographic range size [3-43]. There is also broad 20 
congruence in the explanations favoured for altitudinal as for latitudinal species richness 21 
gradients, with elevational richness peaks argued to be in areas with higher productivity 22 
[49-50], and increasingly a role posited for historical processes such as phylogenetic 23 
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niche conservatism (e.g., [72]). Similar environmental explanations have also been 1 
suggested for patterns of functional and phylogenetic richness [5] and beta-diversity [45 2 
]. 3 
 4 
None of the UTBs provides an explanation for these geographical patterns in biodiversity. 5 
This is because the key parameters of interest are actually inputs into the model, i.e., the 6 
number of species, total number of individuals and area available. It is conceivable that 7 
these input parameters might be allowed to vary amongst regions or along an 8 
environmental gradient in a way that extends the range of predictions of the UTBs to the 9 
patterns listed above. However, such extensions would be of limited insight unless 10 
accompanied by a theory for total species richness. Recently, there have been several 11 
attempts to build such a theory, starting from spatial-temporal [73], life-history [69] and 12 
metabolic [74-75] perspectives. A key challenge ahead is to integrate these developments 13 
into the framework of the UTBs.  14 
 15 
Trait-based patterns in biodiversity. A large volume of macroecological research 16 
concerns patterns relating to species’ traits, particularly body size (i.e., allometric scaling 17 
relationships) [2-76-78]. Much of the variation in mammalian life-history traits can be 18 
attributed to body size variation [79-82]. The best known of these allometric relationships 19 
is Kleiber’s 3/4 scaling law [83], which relates individual energetic requirements 20 
(specifically, basal metabolic rate) with body mass. A large part of the metabolic scaling 21 
literature has focussed on mammals, and the most popular theoretical explanation for 3/4 22 
scaling is designed around the mammalian vascular system [84]. However, there is now 23 
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clear evidence not only that the exponent in mammals is significantly shallower than 3/4 1 
[85-86], but also that it is significantly nonlinear [86-88] and varies substantially among 2 
taxa [87]. Modifications to the West et al.’s [84] model have been proposed to explain 3 
these deviations, with mixed results [88-89]. 4 
 5 
Another prevalent allometric scaling pattern is the tendency for large-bodied organisms to 6 
occur at low population densities, known as the size-density relationship [90]. The 7 
original size-density relationship was reported in mammals as a power-law with exponent 8 
close to -3/4 [91-92]. This pattern has been influential in the development of a metabolic 9 
theory of ecology (MTE) [93-95], which links biodiversity patterns with individual 10 
energetic requirements. For example, MTE could derive the species abundance 11 
relationship if some kind of body size distribution was assumed. However, recent 12 
reanalysis of Damuth’s data indicates that size-density exponents are generally much 13 
shallower than  -3/4 [96], illustrating that further work to develop the MTE may be 14 
required. 15 
 16 
To date, the UTBs have largely treated species as equivalent, such that body size and 17 
other traits are irrelevant to the observed patterns of species richness, distribution and 18 
abundance. The exception is MaxEnt, which includes a constraint on both the total energy 19 
available and the total number of individuals. The model generates size-density 20 
relationship consistent with Damuth’s -3/4 exponent, using Kleiber’s law as an empirical 21 
approximation to convert energy use into body masses for each species [28]. However, 22 
this outcome is inevitable if species’ total energy use and abundance are uncorrelated 23 
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(i.e., energetic equivalence). In summary, the large body of empirical and theoretical 1 
research on allometric relations (and other trait-based patterns) suggest that incorporating 2 
these additional dimensions into existing UTBs is conceptually straightforward.  3 
 4 
Temporal patterns in biodiversity. Diversification rates across mammals have not been 5 
equal [41-97], which has led to significant imbalance in the distribution of species at 6 
nodes in the mammalian phylogenetic tree over time. This diversification rate variation 7 
leads to the distribution of species among higher taxa following a hollow curve, i.e., most 8 
species belonging to few taxa and many taxa containing few species [98]. More recently, 9 
it has been suggested that the opportunity of accessing new regions of geographic or 10 
niche space has influenced the variation in diversification rates [4-41]. Under this model, 11 
phylogenies are unbalanced because regions and niches vary in the diversity they can 12 
support, because new radiations will probably originate in already diverse clades, and 13 
because lineages that are relics are hard to replace. The evidence supporting the 14 
importance of historical events and biogeography in explaining current patterns in 15 
biodiversity is accumulating rapidly [3-46-70]. It seems reasonable to suggest that a UTB 16 
should be able to incorporate this important temporal element of species richness in their 17 
models. In fact, the Neutral UTB does include speciation and generates a hollow-curve 18 
distribution of species-richness among lineages.  19 
 20 
Trait values have also been shown to have a temporal component. For example, evidence 21 
suggests that there has been a directed evolution towards large body sizes across North 22 
American Cenozoic fossil mammals [99] and in other clades (e.g., dinosaurs [100]). This 23 
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evolutionary trend termed Cope’s Rule is not found consistently in all clades and there 1 
are also disadvantages of being large, for example an increased risk of extinction [101], 2 
which may increase extinction rates. However, this is an interesting further temporal 3 
pattern which the UTBs could aim to address. 4 
 5 
Conclusions 6 
Synthesising the literature on the macroecological patterns of mammals, we find general 7 
qualitative support for the UTBs’ predictions, but we have difficulties in distinguishing 8 
between the relative merits of competing theories. As yet none of the six UTBs predicts 9 
all the patterns that have been observed. Difficulties in distinguishing between different 10 
theories are probably because some of the forms of the UTBs predictions are qualitative 11 
and, as McGill [14] suggests, although superficially different, all the UTBs are 12 
fundamentally modelling the same phenomena and therefore have similar predictions. 13 
Additionally, the type of mammalian data needed for testing of the UTBs is rarely 14 
available. For example, mammals (in comparison to birds) are harder to observe directly, 15 
and their diverse ecologies and life-histories [102] make broad spectrum site-based 16 
population databases for entire mammalian communities uncommon. Historically, 17 
mammal ecologists have focused on tracking individuals or monitoring populations of 18 
single species, where the selection of species is based on personal interests or 19 
convenience. More recently, there has been a move towards broader spectrum survey 20 
methods for mammals (e.g., camera trapping [103], acoustic surveys [104]), that are 21 
capable of producing data for multiple species which are temporary and spatially explicit. 22 
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These are the kinds of mammalian data which are needed to more explicitly test the 1 
specific predictions of the UTBs.   2 
 3 
Our examination of other more general mammalian biodiversity patterns that are not 4 
currently predicted by UTBs suggest that UTBs need to further consider the dimensions 5 
of space, species’ traits and time. Currently, the UTBs are mostly concerned with only 6 
two of the major axes of variation: species richness and abundance, although several do 7 
have an abstract spatial component. Two UTBs have extended these axes to also consider 8 
energy (MaxEnt UTB) and time (Neutral UTB), and these are promising future 9 
directions. It is interesting to note that the Metabolic Theory of Ecology is approaching 10 
many of these problems (the distribution of energy, the mass-dependent energetic needs 11 
of different species and the universal dependence of temperature) from a different 12 
perspective [74-75-94]. A fruitful area of future research might be to examine whether 13 
these two hitherto separate branches of theory could be merged to model biodiversity, 14 
including the full pattern of species’ trait variation in a truly unified fashion.  15 
 16 
Acknowledgments 17 
We would like to thank Kamran Safi, Brian McGill, Jonathan Davies and an anonymous 18 
reviewer for discussion and comments on previous versions of the manuscript. We would 19 
also like to thank Joanna Bolesworth from the editorial team for her support. This work 20 
was supported by The Zoological Society of London for KEJ and TMB and Natural 21 
Environment Research Council (Fellowship NE/D009448/2) for NJBI.   22 
 23 
References 24 
Jones et al. Mammalian macroecology 
page 21
[1] Blackburn, T. M. & Gaston, K. J. 2003 Macroecology: concepts and consequences. 1 
Oxford: Blackwell Science. 2 
[2] Brown, J. H. 1995 Macroecology. Chicago University of Chicago Press. 3 
[3] Davies, T. J., Buckley, L., Grenyer, R. & Gittleman, J. L. 2011 The influence of past 4 
and present climate on the biogeography of modern mammal diversity. Philosophical 5 
Transactions of The Royal Society. 6 
[4] Kisel, Y., Toomey, N. & Orme, C. D. L. 2011 How diversification rates and diversity 7 
limits combine to create large-scale species-area relationships. Philosophical Transactions 8 
of The Royal Society. 9 
[5] Safi, K., Cianciaruso, M., Loyola, R., Brito, D., Armour-Marshall, K. & Diniz-Filho, 10 
J. A. F. 2011 Understanding global patterns of mammalian functional and phylogenetic 11 
diversity. Philosophical Transactions of The Royal Society. 12 
[6] Cardillo, M. 2011 Phylogenetic structure of mammal assemblages at large geographic 13 
scales: linking phylogenetic community ecology with macroecology. Philosophical 14 
Transactions of The Royal Society. 15 
[7] Lawton, J. 1999 Are there general laws in Ecology? Oikos 84, 177-192. 16 
[8] McGill, B. & Collins, C. 2003 A unified theory for macroecology based on species 17 
patterns of abundance. Evolutionary Ecology Research 5, 469-492. 18 
[9] Hubbell, S. P. 2001 A Unified Theory of Biodiversity and Biogeography. Princeton 19 
Princeton University Press. 20 
[10] Hanski, I. & Gyllenberg, M. 1997 Uniting two general patterns in the distribution of 21 
species. Science 275, 397-400. 22 
[11] Morlon, H., Chuyong, G., Condit, R., Hubbell, S. P., Kenfack, D. & Thomas, D. 23 
2008 A general framework for the distance-decay of similarity in ecological 24 
communities. Ecological Letters 11, 904. 25 
[12] Storch, D., Sizling, A. L., Reif, J., Polechova, J., Sizlingova, E. & Gaston, K. J. 2008 26 
The quest for a null model for macroecological patterns: geometry of species 27 
distributions at multiple spatial scales. Ecological Letters 11, 771-784. 28 
[13] Harte, J. 2008 From spatial pattern in the distribution and abundance of species to a 29 
unified theory of ecology: the role of maximum entropy methods. Appl. Optim. 102, 243. 30 
[14] McGill, B. J. 2010 Towards a unification of unified theories of biodiversity. Ecology 31 
Letters 13, 627–642. 32 
[15] Preston, F. W. 1960 Time and space and variation of species. Ecology  41, 612-627. 33 
[16] MacArthur, R. R. H. & Wilson, E. O. 1967 The theory of island biogeography. 34 
Princeton, N.J.: Princeton University Press. 35 
[17] McGill, B. J., Etienne, R. S., Gray, J. S., Alonso, D., Anderson, M. J., Benecha, H. 36 
K., Dornelas, M., Enquist, B. J., Green, J. L., He, F. L., Hurlbert, A. H., Magurran, A. E., 37 
Marquet, P. A., Maurer, B. A., Ostling, A., Soykan, C. U., Ugland, K. I. & White, E. P. 38 
2007 Species abundance distributions: moving beyond single prediction theories to 39 
integration within an ecological framework. Ecology Letters 10, 995-1015. 40 
[18] Storch, D. 2003 Comment on "Global biodiversity, biochemical kinetics, and the 41 
energetic-equivalence rule". Science 299, 346b. 42 
[19] McGill, B. J. 2011 Linking biodiversity patterns by autocorrelated random sampling. 43 
American Journal of Botany 98, 481-502. 44 
[20] Connor, E. F. & McCoy, E. D. 1979 The statistics and biology of the species-area 45 
relationship. The American Naturalist 113, 791-833. 46 
Jones et al. Mammalian macroecology 
page 22
[21] Gaston, K. J. & Blackburn, T. M. 2000 Pattern and processes in macroecology. 1 
Oxford: Blackwell Scientific. 2 
[22] Rosenzweig, M. L. 1995 Species Diversity in Space and Time. New York, NY.: 3 
Cambridge University Press  4 
[23] Drakare, S., Lennon, J. J. & Hillebrand, H. 2006 The imprint of the geographical, 5 
evolutionary and ecological context on species-area relationships. Ecological Letters 9, 6 
215-227. 7 
[24] Heaney, L. R. 1984 Mammalian species richness on islands on the Sunda Shelf, 8 
Southeast Asia. Oecologia 61, 11-17. 9 
[25] Hope, J. H. 1973 Mammals of the Bass Strait Islands. Proc. R. Soc. Vict. 85, 163-95. 10 
[26] Brown, J. H. 1971 Mammals on mountaintops: non-equilibrium insular 11 
biogeography. American Naturalist 105, 467-478. 12 
[27] Ceballos, G. & Brown, J. H. 1995 Global Patterns of Mammalian Diversity, 13 
Endemism, and Endangerment. Conservation Biology 9, 559–568. 14 
[28] Harte, J., Zillio, T., Conlisk, E. & Smith, A. B. 2008 Maximum entropy and the 15 
state-variable approach to macroecology. Ecology 89, 2700-2711. 16 
[29] Green, J. L. & Ostling, A. 2003 Endemics-area relationships: the influence of 17 
species dominance and spatial aggregation. Ecology 84, 3090-3097. 18 
[30] Harte, J. & Kinzig, A. P. 1997 On the implications of species-area relationship for 19 
endemism, spatial turnover and food web patterns. Oikos 80, 417-427. 20 
[31] Harte, J. (ed.) 2000 Scaling and Self-Similarity in Species Distributions: 21 
Implications for Endemism, Spatial Turnover, Abundance, and Range. Proceedings of the 22 
1997 Workshop on “Scaling in Biology” Oxford: Oxford University Press. 23 
[32] Kunin, W. E. 1998 Extrapolating species abundance across spatial scales. Science 24 
281, 1513-1515. 25 
[33] Fleming, T. H., Emmet, T. H. & Wilson, D. E. 1972 Three CentralAmericanbat 26 
communities:structure, reproductive cycles and movement patterns. Ecology 53, 555-569. 27 
[34] Jones, K. E., Bielby, J., Cardillo, M., Fritz, S. A., O’DELL, J., Orme, C. D. L., Safi, 28 
K., Sechrest, W., Boakes, E. H., Carbone, C., Connolly, C., Cutts, M. J., FOSTER, J. K., 29 
Grenyer, R., Habib, M., Plaster, C. A., Price, C. A., Rigby, E. A., Rist, A., Teacher, A., 30 
Bininda-Emonds, O. R. P., Gittleman, J. L., Mace, G. M. & Purvis, A. 2009 31 
PanTHERIA: a species-level database of life history, ecology, and geography of extant 32 
and recently extinct mammals Ecology 90, 2648. 33 
[35] Gaston, K. J. 1998 Ecology - Rarity as double jeopardy. Nature 394, 229-230. 34 
[36] Gaston, K. J., Blackburn, T. M. & Lawton, J. H. 1997 Interspecific abundance range 35 
size relationships: An appraisal of mechanisms. Journal of Animal Ecology 66, 579-601. 36 
[37] Gaston, K. J., Blackburn, T. M., Greenwood, J. D., Gregory, R. D., Quinn, R. M. & 37 
Lawton, J. H. 2000 Abundance-occupancy relationship. Journal of Applied Ecology 37, 38 
39-59. 39 
[38] Johnson, C. N. 1998 Species extinction and the relationship between distribution and 40 
abundance. Nature 394, 272-274. 41 
[39] Cowley, M. J. R., Thomas, C. D., Roy, D. B., Wilson, R. J., Leon-Cortes, J. L., 42 
Gutierrez, D., Bulman, C. R., Quinn, R. M., Moss, D. & Gaston, K. J. 2001 Density-43 
distribution relationships in British butterflies. I. The effect of mobility and spatial scale. 44 
Journal of Animal Ecology 70, 410-425. 45 
Jones et al. Mammalian macroecology 
page 23
[40] Springer, M. S., Meredith, R. W., Janecka, J. E. & Murphy, W. J. 2011 The 1 
Historical Biogeography of Mammalia. Philosophical Transactions of The Royal Society. 2 
[41] Purvis, A., Fritz, S. A., Rodrigues, J., Harvey, P. H. & Grenyer, R. 2011 The shape 3 
of mammalian phylogeny: patterns, processes and scales. Philosophical Transactions of 4 
The Royal Society B. 5 
[42] Schipper, J., Chanson, J., Chiozza, F., Cox, N., Hoffmann, M., Katariya, V., 6 
Lamoreux, J., Rodrigues, A., Stuart, S., Temple, H., Baillie, J., Boitani, L., Lacher, T., 7 
Mittermeier, R., Smith, A., Absolon, D., Aguiar, J., Amori, G., Bakkour, N., Baldi, R., 8 
Berridge, R., Bielby, J., Black, P., Blanc, J., Brooks, T., Burton, J., Butynski, T., Catullo, 9 
G., Chapman, R., Cokeliss, Z., Collen, B., Conroy, J., Cooke, J., da Fonseca, G., 10 
Derocher, A., Dublin, H., Duckworth, J., Emmons, L., Emslie, R., Festa-Bianchet, M., 11 
Foster, M., Foster, S., Garshelis, D., Gates, C., Gimenez-Dixon, M., Gonzalez, S., 12 
Gonzalez-Maya, J., Good, T., Hammerson, G., Hammond, P., Happold, D., Happold, M., 13 
Hare, J., Harris, R., Hawkins, C., Haywood, M., Heaney, L., Hedges, S., Helgen, K., 14 
Hilton-Taylor, C., Hussain, S., Ishii, N., Jefferson, T., Jenkins, R., Johnston, C., Keith, 15 
M., Kingdon, J., Knox, D., Kovacs, K., Langhammer, P., Leus, K., Lewison, R., 16 
Lichtenstein, G., Lowry, L., Macavoy, Z., Mace, G., Mallon, D., Masi, M., McKnight, 17 
M., Medellín, R., Medici, P., Mills, G., Moehlman, P., Molur, S., Mora, A., Nowell, K., 18 
Oates, J., Olech, W., Oliver, W., Oprea, M., Patterson, B., Perrin, W., Polidoro, B., 19 
Pollock, C., Powel, A., Protas, Y., Racey, P., Ragle, J., Ramani, P., Rathbun, G., et al. 20 
2008 The status of the World's land and marine mammals: diversity, threat and 21 
knowledge. Science 322, 225-230. 22 
[43] Davies, T. J., Purvis, A. & Gittleman, J. L. 2009 Quaternary climate change and the 23 
geographic ranges of mammals. American Naturalist 174, 297-307. 24 
[44] Grenyer, R., Orme, C. D. L., Jackson, S. F., Thomas, G. H., Davies, R. G., Davies, 25 
T. J., Jones, K. E., Olson, V. A., Ridgely, R. S., Rasmussen, P. C., Ding, T.-S., Bennett, 26 
P. M., Blackburn, T. M., Gaston, K. J., Gittleman, J. L. & Owens, I. P. F. 2006 The 27 
global distribution and conservation of rare and threatened vertebrates. Nature 444, 93-28 
96. 29 
[45] McKnight, M. W., White, P. S., McDonald, R. I., Lamoreux, J. F., Sechrest, W., 30 
Ridgely, R. S. & Stuart, S. N. 2007 Putting Beta-Diversity on the Map: Broad-Scale 31 
Congrugence and Coincidence in the extremes. PLoS Biology 5, e272. 32 
[46] Buckley, L. B., Davies, T. J., Ackerly, D. D., Kraft, N. J. B., Harrison, S. P., 33 
Anacker, B. L., Cornell, H. V., Damschen, E. I., Grytnes, J.-A., Hawkins, B. A., McCain, 34 
C. M., Stephens, P. A. & Wiens, J. J. 2010 Phylogeny, niche conservatism and latitudinal 35 
diversity gradient in mammals. Proceedings of the Royal Society B: Biological Sciences 36 
277, 2131-2138. 37 
[47] Hillebrand, H. 2004 On the generality of the latitudinal diversity gradient. The 38 
American naturalist 163, 192-211. 39 
[48] Ceballos, G. & Ehrlich, P. R. 2006 Global mammal distributions, biodiversity 40 
hotspots, and conservation. Proceedings of the National Academy of Sciences of the 41 
United States of America 103, 19374-19379. 42 
[49] Grytnes, J. A. & McCain, C. M. 2010 Elevational gradients in species richness. In 43 
Encyclopedia of Biodiversity (ed. S. A. Levin), pp. 1-8: Elseveir, Inc. 44 
[50] McCain, C. M. 2007 Area and mammalian elevational diversity. Ecology 88, 76-86. 45 
Jones et al. Mammalian macroecology 
page 24
[51] McCain, C. M. 2005 Elevational gradients in diversity of small mammals. Ecology 1 
86, 366-372. 2 
[52] Stevens, G. C. 1989 The latitudinal gradient in geographic range - how so many 3 
species coexist in the tropics. American Naturalist 133, 240-256. 4 
[53] Ruggiero, A. & Werenkraut, V. 2007 One-dimensional analyses of Rapoport's rule 5 
reviewed through meta-analysis. Global Ecology and Biogeography 16, 401-414. 6 
[54] Harcourt, A. H. 2000 Latitude and latitudinal extent: a global analysis of the 7 
Rapoport effect in a tropical mammalian taxon: primates. Journal of Biogeography 27, 8 
1169-1182. 9 
[55] Cowlishaw, G. & Hacker, J. E. 1997 Distribution, diversity, and latitude in African 10 
primates. American Naturalist 150, 505-512. 11 
[56] Davies, T. J., Fritz, S. A., Grenyer, R., Orme, C. D. L., Bielby, J., Bininda-Emonds, 12 
O. R. P., Cardillo, M., Jones, K. E., Gittleman, J. L., Mace, G. M. & Purvis, A. 2008 13 
Phylogenetic trees and the future of mammalian biodiversity. Proceedings of the National 14 
Academy of Sciences of the United States of America 105, 11556-11563. 15 
[57] Cardillo, M. 2002 The life-history basis of latitudinal diversity gradients: how do 16 
species traits vary from the poles to the equator? Journal of Animal Ecology 71, 79-87. 17 
[58] Smith, F. A., Lyons, S. K., Ernest, S. K. M., Jones, K. E., Kaufman, D. M., Dayan, 18 
T., Marquet, P. A., Brown, J. H. & Haskell, J. P. 2003 The body mass of late Quaternary 19 
mammals. Ecology 84, 3403. 20 
[59] Bergmann, K. 1847 Ueber die verhaltnisse der warmeokonomie der thiere zu ihrer 21 
grosse. Gottinger studien 3, 595-708. 22 
[60] Meiri, S. & Dayan, T. 2003 On the validity of Bergmann’s rule. Journal of 23 
Biogeography 30, 331-351. 24 
[61] Meiri, S. & Thomas, G. H. 2007 The geography of body size – challenges of the 25 
interspecific approach. Global Ecology and Biogeography 16, 689-693. 26 
[62] Freckleton, R. P., Harvey, P. H. & Pagel, M. 2003 Bergmann's Rule and Body Size 27 
in Mammmals. American Naturalist 161, 821-825. 28 
[63] Rodriguez, M. A., Lopez-Sanudo, I. L. & Hawkins, B. A. 2006 The geographic 29 
distribution of mammal body size in Europe. Global Ecology and Biogeography 15, 173-30 
181. 31 
[64] Rodriguez, M. A., Olalla-Tarraga, M. A. & Hawkins, B. A. 2008 Bergmann’s rule 32 
and the geography of mammal body size in the Western Hemisphere. Global Ecology and 33 
Biogeography 15, 173-181. 34 
[65] Ashton, K. G., Tracy, M. C. & De Queiroz, A. 2000 Is Bergmann's rule valid for 35 
mammals? American Naturalist 156, 390--415. 36 
[66] Gaston, K. J. 2003 The structure and dynamics of geographic ranges. Oxford Series 37 
in Ecology and Evolution. Oxford: Oxford University Press. 38 
[67] Adams, J. 2009 Species richness: patterns in the diversity of life. Chicester: 39 
Springer. 40 
[68] Currie, D. J., Mittelbach, G. G., Cornell, H. V., Field, R., Guegan, J.-F., Hawkins, B. 41 
A., Kaufman, D. M., Kerr, J. T., Oberdorff, T., O'Brien, E. M. & Turner, J. R. G. 2004 42 
Predictions and tests of climate-based hypotheses of broad-scale variation in taxonomic 43 
richness. Ecological Letters 7, 1121-1134. 44 
Jones et al. Mammalian macroecology 
page 25
[69] Isaac, N. J. B., Jones, K. E., Gittleman, J. L. & Purvis, A. 2005 Correlates of species 1 
richness in mammals: Body size, life-history and ecology. The American Naturalist 165, 2 
600-607. 3 
[70] Mittelbach, G. G., Schemske, D. W., Cornell, H. V., Allen, A. P., Brown, J. M., 4 
Bush, M. B., Harrison, S. P., Hurlbert, A. H., Knowlton, N., Lessios, H. A., McCain, C. 5 
M., McCune, A. R., McDade, L. A., McPeek, M. A., Near, T. J., Price, T. D., Ricklefs, R. 6 
E., Roy, K., Sax, D. F., Schluter, D., Sobel, J. M. & Turelli, M. 2007 Evolution and the 7 
latitudinal diversity gradient: speciation, extinction and biogeography. Ecology Letters 8 
10, 315-331. 9 
[71] Thomas, G. H., Orme, C. D. L., Davies, R. G., Olson, V. A., Bennett, P. M., Gaston, 10 
K. J., Owens, I. P. F. & Blackburn, T. M. 2008 Regional variation in the historical 11 
components of global avian species richness. Global Ecology and Biogeography 17, 340-12 
351. 13 
[72] Wiens, J. J., Parra-Olea, G., Garcia-Paris, M. & Wake, D. B. 2007 Phylogenetic 14 
history underlies elevational patterns of biodiversity in tropical salamanders. Proceedings 15 
of the Royal Society of London 274, 919–928. 16 
[73] White, E. P., Ernest, S. K. M., Adler, P. B., Hurlbert, A. H. & Lyons, S. K. 2010 17 
Integrating spatial and temporal approaches to understanding species richness. 18 
Philosophical Transactions of the Royal Society B-Biological Sciences 365, 3633-3643. 19 
[74] Stegen, J. C., Enquist, B. J. & Ferriere, R. 2009 Advancing the metabolic theory of 20 
biodiversity. Ecology Letters 12, 1001-1015. 21 
[75] Gillooly, J. F. & Allen, A. P. 2007 Linking global patterns in biodiversity to 22 
evolutionary dynamics using metabolic theory. Ecology 88, 1890-1894. 23 
[76] Smith, F. A., Brown, J. H., Haskell, J. P., Lyons, S. K., Alroy, J., Charnov, E. L., 24 
Dayan, T., Enquist, B. J., Ernest, S. K. M., Hadly, E. A., Jones, K. E., Kaufman, D. M., 25 
Marquet, P. A., Maurer, B. A., Niklas, K. J., Porter, W. P., Tiffney, B. & Willig, M. R. 26 
2004 Similarity of mammalian body size across the taxonomic hierarchy and across space 27 
and time. The American Naturalist 163, 672-691. 28 
[77] Smith, F. A., Boyer, A. G., Brown, J. H., Costa, D. P., Dayan, T., Ernest, S. K. M., 29 
Evans, A. R., Fortelius, M., Gittleman, J. L., Hamilton, M. J., Harding, L. E., 30 
Lintulaakso, K., Lyons, S. K., McCain, C., Okie, J. G., Saarinen, J. J., Sibly, R. M., 31 
Stephens, P. R., Theodor, J. & Uhen, M. D. 2010 The Evolution of Maximum Body Size 32 
of Terrestrial Mammals. Science 330, 1216-1219. 33 
[78] Jones, K. E. & Purvis, A. 1997 An optimum body size for mammals? Comparative 34 
evidence from bats. Functional Ecology 11, 751-756. 35 
[79] Harvey, P. H., Read, A. F. & Promislow, D. E. L. 1989 Life history variation in 36 
placental mammals: unifying the data with theory. Oxford Surveys in Biology 6, 13-31. 37 
[80] Promislow, D. E. L. & Harvey, P. H. 1990 Living fast and dying young: A 38 
comparative analysis of life-history variation among mammals. Journal of Zoology 220, 39 
417–437. 40 
[81] Bielby, J., Mace, G., Bininda-Emonds, O. R. P., Cardillo, M., Gittleman, J. L., Jones, 41 
K. E., Orme, C. D. L. & Purivs, A. 2007 The Fast-Slow Continuum in Mammalian Life 42 
History: An Empirical Reevaluation. The American Naturalist 169, 748-757. 43 
[82] Jones, K. E. & MacLarnon, A. 2001 Bat life-histories: testing models of mammalian 44 
life history evolution. Evolutionary Ecology Research 3, 465-476. 45 
Jones et al. Mammalian macroecology 
page 26
[83] Kleiber, M. 1972 Body size, conductance for animal heat flow and Newton's law of 1 
cooling. Journal of Theoretical Biology 37, 139-150. 2 
[84] West, G. B., Brown, J. H. & Enquist, B. J. 1997 A general model for the origin of 3 
allometric scaling laws in biology. Science 276, 122-126. 4 
[85] White, C. R. & Seymour, R. S. 2003 Mammalian basal metabolic rate is proportional 5 
to body mass(2/3). Proceedings of the National Academy of Sciences of the United States 6 
of America 100, 4046-4049. 7 
[86] Clarke, A., Rothery, P. & Isaac, N. J. B. 2010 Scaling of basal metabolic rate with 8 
body mass and temperature in mammals. Journal of Animal Ecology 79, 610-619. 9 
[87] Isaac, N. J. B. & Carbone, C. 2010 Why are metabolic scaling exponents so 10 
controversial? Quantifying variance and testing hypotheses. Ecology Letters 13, 728-735. 11 
[88] Kolokotrones, T., Savage, V., Deeds, E. J. & Fontana, W. 2010 Curvature in 12 
metabolic scaling Nature 464, 753-756. 13 
[89] Savage, V. M., Deeds, E. J. & Fontana, W. 2008 Sizing up allometric scaling theory. 14 
PLoS Computational Biology 4, 17. 15 
[90] White, E. P., Ernest, S. K. M., Kerkhoff, A. J. & Enquist, B. J. 2007 Relationships 16 
between body size and abundance in ecology. Trends in Ecology and Evolution 22, 323-17 
330. 18 
[91] Damuth, J. 1981 Population density and body size in mammals. Nature 290, 699-19 
700. 20 
[92] Damuth, J. 1987 Interspecific allometry of population-density in mammals and other 21 
animals - the independence of body-mass and population energy-use. Biological Journal 22 
of the Linnean Society 31, 193-246. 23 
[93] Allen, A. P., Brown, J. H. & Gillooly, J. F. 2002 Global biodiversity, biochemical 24 
kinetics, and the energetic-equivalence rule. Science 297, 1545-1548. 25 
[94] Brown, J. H., Gillooly, J. F., Allen, A. P., Savage, V. M. & West, G. B. 2004 26 
Toward a metabolic theory of ecology. Ecology 85, 1771-1789. 27 
[95] Savage, V. M., Gillooly, J. F., Woodruff, W. H., West, G. B., Allen, A. P., Enquist, 28 
B. J. & Brown, J. H. 2004 The predominance of quarter-power scaling in biology. 29 
Functional Ecology 18, 257-282. 30 
[96] Isaac, N. J. B., Storch, D. & Carbone, C. 2011 Variation in the size-density 31 
relationship challenges the notion of energy equivalence. Biology Letters. 32 
[97] Alroy, J. 2009 Speciation and extinction in the fossil record of North American 33 
mammals. In Speciation and Patterns of Diversity (ed. R. Butlin, J. Bridle & D. Schluter), 34 
pp. 301-323 Cambridge: Cambridge University Press. 35 
[98] Purvis, A. & Hector, A. 2000 Getting the measure of biodiversity. Nature 405, 212-36 
219. 37 
[99] Alroy, J. 1998 Cope's Rule and the dynamics of body mass evolution in North 38 
American fossil mammals. Science 280, 731-734. 39 
[100] Hone, D. W. E., Keesey, T. M., Pisani, D. & Purvis, A. 2005 Macroevolutionary 40 
trends in the Dinosauria: Cope's rule. Journal of Evolutionary Biology 18, 587–595. 41 
[101] Cardillo, M., Mace, G. M., Gittleman, J. L., Jones, K. E., Bielby, J. & Purvis, A. 42 
2008 The predictability of extinction: biological and external correlates of decline in 43 
mammals. Proceedings of the Royal Society B: Biological Sciences 275, 1441-1448. 44 
[102] Jones, K. E. & Safi, K. 2011 Ecology and evolution of mammalian biodiversity. 45 
Philosophical Transactions of the Royal Society. 46 
Jones et al. Mammalian macroecology 
page 27
[103] Rowcliffe, J. M. & Carbone, C. 2008 Surveys using camera traps: are we looking to 1 
a brighter future? . Animal Conservation 11, 185-186. 2 
[104] Jones, K. E., Russ, J. A., Bashta, A.-T., Bilhari, Z., Catto, C., Csősz, I., Gorbachev, 3 
A., Győrfi, P., Hughes, A., Ivashkiv, I., Koryagina, N., Kurali, A., Langton, S., Maltby, 4 
A., Margiean, G., Pandourski, I., Parsons, S., Prokofev, I., Szodoray-Paradi, A., 5 
Szodoray-Paradi, F., Tilova, E., Walters, C., Weatherill, A. & Zavarzin, O. in press 6 
Indicator Bats Program: a system for the global acoustic monitoring of bats. In 7 
Biodiversity monitoring and conservation: bridging the gaps between global commitment 8 
and local action (ed. B. Collen, P.). London: Blackwell Press. 9 
 10 
11 
Jones et al. Mammalian macroecology 
page 28
Figure legends 1 
 2 
Figure 1. Mammalian Species Abundance Distributions. Panels show histograms for 3 
average population density (950 species) and total population size (887 species, estimated 4 
as the product of geographic range and average population density). In each case, six 5 
hyper-abundant species have been omitted. Data from Jones et al. [34].  6 
 7 
Figure 2. Species Range-size Relationship in 850 mammal species in eight orders. Each 8 
point is a species for which geographic range size and average population density have 9 
been estimated (data from [34]).  10 
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Table 1. Unified theories of biodiversity (UTBs) identified by McGill [14], together with a checklist of the macroecological patterns 
that each is hypothesized to explain using a common mechanism. SAR – Species-Area Relationship; EAR – Endemics-Area 
Relationship; OAR – Occupancy Area Relationship; SAD – Species Abundance Distributions; ONR –Occupancy Abundance 
Relationship; SDR –Similarity Distance Relationship. 
 
UTB Description Predictions 
Continuum [8] Species are randomly-distributed with respect to one 
another. The abundance of each species is described 
by a Gaussian bell-curve in two-dimensional space. 
SAR; Local SAD; ONR; 
SDR 
Fractal [12] Simulation model of species presence/absence in 
hierarchically-nested patches at multiple scales. 
SAR; EAR; OAR; Local 
SAD; Global SAD  
MaxEnt [13] A Bayesian method taking minimal inputs (total 
number of species, individuals, total area and total 
energy). 
SAR; EAR; OAR; Local 
SAD; Global SAD; ONR;  
Neutral [9] Communities are made up of species with equal per-
capita birth and death rates. Immigration prevents 
mono-dominance. 
SAR; Local SAD; Global 
SAD; SDR 
Metapopulation [10] Each species has a characteristic population density, 
which contributes to its rate of migration between 
patches. Local extinction is a simple function of area. 
SAR; ONR 
Poisson cluster [11] Spatially-explicit model in which individuals are 
positioned in clusters. Species-specific values of the 
clustering parameters are each drawn from a Poisson 
distribution. 
SAR; SDR 
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Table 2. Comparison of UTB predictions and mammalian biodiversity patterns. SAR – 
Species-Area Relationship; EAR – Endemics-Area Relationship; OAR – Occupancy 
Area Relationship; SAD – Species Abundance Distributions; ONR – Occupancy 
Abundance Relationship; SDR – Similarity Distance Relationship. 
 
UTB Prediction Support from macroecological patterns in mammals 
SAR SARs in mammals are widely reported (reviewed in [23]). Mammal 
SARs tend to have low intercepts and exponents in the typical range 
(e.g., [4-27]). It seems unclear if currently available empirical data is 
sufficient to test precise UTB predictions. 
EAR Mammal EARs have been reported in a couple of studies [4-27].The 
form of these EARs does not seem consistent with current 
predictions but more research is needed.  
OAR No available data. 
SAD Local and Global SADs are poorly reported in mammals, but 
existing studies follow the typical hollow-curve distribution (e.g., 
[11-33], this study). 
ONR Existing studies at a local and a global scale show both positive and 
negative correlations (e.g., [36-38], this study). 
SDR Decay of similarity with distance is not well documented, but 
existing studies suggest a weak association in mammals (e.g.,[6]) 
 
 
 
 
 
